Munster Technological University

SWORD - South West Open Research
Deposit
Theses

Dissertations and Theses

2012

The effects of climate on the growth of winter wheat and spring
barley in an Irish context
Adrian Kennedy
Department of Biological Sciences, Cork Institute Technology, Cork, Ireland.

Follow this and additional works at: https://sword.cit.ie/allthe
Part of the Agronomy and Crop Sciences Commons, Climate Commons, and the Sustainability
Commons

Recommended Citation
Kennedy, Adrian, "The effects of climate on the growth of winter wheat and spring barley in an Irish
context" (2012). Theses [online].
Available at: https://sword.cit.ie/allthe/98

This Master Thesis is brought to you for free and open access by the Dissertations and Theses at SWORD - South
West Open Research Deposit. It has been accepted for inclusion in Theses by an authorized administrator of
SWORD - South West Open Research Deposit. For more information, please contact sword@cit.ie.

cork institute
Institiuid Teicneolaiochta Chorcai

Title Page
The effects of climate on the growth of winter wheat
and spring barley in an Irish context
Adrian Kennedy
Project Thesis in partiai fuifiiment for the degree of Masters in
Computationai Biology 200
Cork Institute of Technology
Department of biological science
December 2012
Head of department: Dr Brendan O'Connell
Supervisors: Dr Noreen Quinn/ Catherine Palmer

A
C\

A

CORK INST

■rrHNOLOC''

Table of contents
Title Page................................................................................................................................. I
Table of contents..................................................................................................................... 2
Declaration...............................................................................................................................3
Abstract.................................................................................................................................... 4
Introduction..............................................................................................................................6
Climate Change...................................................................................................................6
Climate change causes.......................................................................................................6
Effects of climate change...................................................................................................8
Effects on Ecology......................................................................................................... 9
Extreme weather...........................................................................................................10
Climate change in Ireland................................................................................................12
Predicted Climate change in Ireland.......................................................................... 13
Predicted effects of climate on Irish agriculture.......................................................14
Predicted effects on Irish ecology.............................................................................. 14
Crops Yields and Climate Change..................................................................................16
Africa................................................................................................................................. 16
United States of America.............................................................................................17
Europe............................................................................................................................ 18
Crop reaction to climate change..................................................................................... 18
Effects of elevated CO2................................................................................................18
Interactions of elevated CO2 with temperature and precipitation...........................19
Increased frequency of extreme weather.................................................................. 20
Interaction with air pollutants.................................................................................... 20
Agriculture........................................................................................................................ 20
Wheat.................................................................................................................................21
Taxonomy..................................................................................................................... 21
Barley.................................................................................................................................22
Taxonomy..................................................................................................................... 22
Commercial uses.......................................................................................................... 22
Factors affecting growth................................................................................................. 23
Abiotic.......................................................................................................................... 23
Biotic..............................................................................................................................24
Methods and materials......................................................................................................... 26
Statistical analysis............................................................................................................ 26
Results.................................................................................................................................... 28
Normality.......................................................................................................................... 28
Co linearity....................................................................................................................... 30
Co linearity....................................................................................................................... 32
Correlation between weather and yield.........................................................................33
Yield by input...................................................................................................................34
Yield by year..................................................................................................................... 36
Mixed effects model........................................................................................................ 38
Discussion..............................................................................................................................47
References..............................................................................................................................50
Appendix A............................................................................................................................55
Appendix B............................................................................................................................58
Appendix C............................................................................................................................67

Appendix D................................................................................................................ 70

Declaration
I hereby declare that this thesis presented for the degree of Master of Science has not
been previously presented for a higher degree to this or any other Institute. This thesis
is of my own composition and any assistance provided is acknowledged in the text by
reference to the researchers or their publications.
____

Print and sign your name.

Date

Abstract
The climate of earth is always changing due to natural events, however it is thought
that the rapid warming period currently taking place is primarily due human activity
to (environmental protection agency 2012). Climate change is altering the
environment and this will have consequences for agriculture (Teagasc publications

2012).
In this study we examine the relationship between weather and the yield of winter
wheat and spring barley in an Irish context using data gathered from 2004-2010 at the
Teagasc Oak Park research center in Carlow.
The data was analysed using a mixed effect model to test which if any weather
variables were having an impact on crop yields. The effect of input levels was also

taken into account as it was clear from the data the input level was having an effect on
yield.
The results from the mixed models show that spring barley is affected by humidity
while winter wheat is affected by maximum rainfall and humidity. These results were
validated using plots of residual values vs fitted values. The relationship between
yield and humidity was a negative relationship as humidity went up yield went down
this is true for both wheat and barley. The relationship between maximum rainfall and
yield is a positive relationship suggesting that the heaver the rainfall the greater the
yield for wheat.

Introduction
Climate Change
Climate change is a natural part of earth’s history and the climate of earth is always
changing going through warm and cold periods. Approximately 20,000 years ago
much of Europe, Asia and North America was covered in ice as the climate was going
through a cold cycle or ice age (Scientific American 2012). Earth has being cycling
between hot and cold periods for millions of years some more severe than others. The
causes of climate change have been natural such as continental drift, volcanic activity,
the earth’s tilt and ocean currents.
However over the past 150 years the earth climate has been warming and there is a
90% probability that human activity is the cause (Oreskes N 2004).

Climate change causes
It is thought that the cause of the recent warming experienced is human activity.
Humans have caused the earth’s climate to warm by artificially increasing the
amounts of greenhouse gases in the earth’s atmosphere (Lean J, et al, 1995).
Greenhouse gases are gases that stop heat from escaping the atmosphere. Without
greenhouse gases the average surface temperature of earth would be -18°C (NOAA
2012) so greenhouse gases are needed to maintain a climate suitable for a wide Varity
of life to exist. Human activity over the last 150 years has caused greenhouse gases to
increase to levels unseen in the past 10,000 years (Oreskes N 2004).
The greenhouse gases that are causing the warming are: water vapour (H2O), carbon
dioxide (CO2), methane (CH4), nitrous oxide (N2O) and chlorofluorocarbons (CFCs)

Water vapour (H2O)
Water vapour is the most abundant greenhouse gas but it also forms clouds which
have a protective effect against solar radiation so water vapour effects are not as
significant as some other greenhouse gases.

Carbon dioxide (CO2)

Carbon dioxide makes up a very small portion of the earths atmosphere but its effects
are important. Carbon dioxide is released into the atmosphere naturally through
volcanic activity, fire and respiration and is removed from the atmosphere by
photosynthesis and rain. When an equilibrium exists between the release and removal
of CO2 atmospheric CO2 levels remain the same. However since the industrial
revolution the levels of CO2 being released into the atmosphere have increased, the
burring of fossil fuels are adding C02to the atmosphere faster than it can be removed.
The levels of atmospheric CO2 have increased by a third since the industrial
revolution (NASA 4/10/2012).

Methane (CH4)

Methane is a natural occurring gas produced by ruminate digestion, insects and
decomposition. The levels of atmospheric methane have increased due to human
activity mainly decomposition of waste in landfills, agricultural livestock, rice
paddies, swamps and tundra and coal mines and natural gas leaks. The amount of
methane in the atmosphere is low when compared to CO2 but it is 20 times more
effective at trapping heat as CO2. Methane is expected to contribute to 18% of global
warming over the next 50 years however it is estimated that a decrease in methane
emissions of 15-20% would stop the rise in its atmospheric concentrations (Milich L,
1998).

Nitrous oxide (N2O)

Nitrous oxide is a very potent greenhouse gas it is 310 times more potent than carbon
dioxide. Much like methane most of the man made nitrous oxide comes from
agricultural sources. These sources include soil cultivation practices, organic and
commercial fertilizers, biomass burning, fossil fuel burning, human sewage and nitric
acid production.

Nitrous oxide is very problematic as it has an atmospheric life of 125 years. Nitrous
oxide is removed from the atmosphere by photolysis (breakdown by sunlight) this
takes place in the stratosphere. The atmospheric concentrations of nitrous oxide have
increased from 270 parts per billion in 1750 to 314 parts per billion in 1998 a 16%
increase and the last 20 years have seen the concentration rise by 0.25% per year
(USEPA 5/10/2012). Despite the increase the levels are still low enough to be a small
concern next to CO2 and methane.

Chlorofluorocarbons (CFCs)
CFCs are among the most potent of greenhouse gases CFCs are 10000 times more
potent than CO 2 and they breakdown the protective ozone layer. All CFC emissions
come from industrial sources but are now tightly controlled. The sources of CFCs are
insulating foams, refrigeration and air-conditioning, fire suppression, solvent
cleaning, and propellants used in aerosols and metered dose inhalers. However the use
of CFCs is very limited and it is likely that CFC use will be eliminated in the near
future (USEPA 2012). The reduced usage of CFCs likely means that the effect on
climate change is small and is likely to reduce further in the near future.

Effects of climate change
Over the past 100 the earth’s climate has warmed by approximately 0.6°C. The two
main periods of warming were 1910-1945 and from 1976 onwards. The warming
from 1976 is occurring at double the rate of the first period and is faster than any
warming event experienced during the past 1000 years (Walther G, et al, 2002).
Climate models combined with evidence from previous warming events suggest that
the level of warming experienced will vary from region to region (Tullus A, et al,

2012).

Effects on Ecology
One of the noticeable effects of climate change is the earlier arrival of spring and
species sensitive to seasonal change have been affected by this. In North America and
Europe changes have included earlier breeding or first singing of birds, earlier arrival
of migrant birds, earlier appearance of butterflies, earlier spawning of amphibians and
earlier shooting of flowers. There also been some evidence of longer growing periods
for deciduous trees (Walther G, et al, 2002).
Some regions have seen the opposite happen. Late migrant bird arrival has been
observed in Slovakia and a late start to the growing season in the Balkans has been
observed (Walther G, et al, 2002). However these events are not necessarily linked to
climate change, birds that migrate late sometimes arrive back late and similar late
stats to the growing season have been observed over the past 100 years.
With the warming climate the range of some species is shifting towards the poles or to
higher latitudes if the resources needed to survive are present. In some cases range
shift is not possible due to other limiting factors such as light in the case of reef
building coral (Walther G, et al, 2002). The best way to observe range shift is by
studding sedentary species as opposed to migratory species which often show large
fluctuations in range. Sedentary species largely stay in the same place and therefore
range shift is easily noticed. There has been noticeable range shift in several species
across a large taxonomic range (Tullus A, 2012).
Climate change may also facilitate the survival of invasive alien species. Most alien
species die when introduced into a new environment however there are a few species
that thrive when introduced into a new environment and cause massive damage to the
native ecosystem such as the black rat native to tropical Asia but now seen on every
continent except Antarctica (io9 2011). Some species that have previously failed to
gain a foothold in foreign ecosystems are now appearing examples include some
species of warm water fish in the Mediterranean and North seas. There is also
evidence that mosquitoes have started spreading into neighbouring territories from
their native territories leading to the spread of some mosquito bourn illnesses in Asia,
East Africa and Latin America (Walther G, et al, 2002).
Some areas have seen a more pronounced warming than other areas one such area is
Antarctica and this had been accompanied by changes in precipitation. Antarctica has
a very low biodiversity due to the extreme conditions of the continent but recently

some species of macroscopic plants mostly mosses previously unseen in Antarctica
have taken root on newly exposed rock. Tropical oceans are another area where a
higher than average temperature increase has occurred and this has led to an increase
in coral bleaching. Coral bleaching occurs when sea temperature exceed average
temperature by 1 °C for a period of six weeks. Mass coral bleaching has happened six
times since 1979 and in one episode in 1998 an estimated 16% of the world’s reef
building coral died. In most cases some coral survive in a reef but entire reefs have
been killed off by bleaching (Walther G, et al, 2002).
Climate change in the north and south Atlantic oceans is having an effect on the
reproduction of krill and plankton. The traditional breeding grounds of krill have been
affected while the north Atlantic oscillation sea current is negatively affecting
plankton by disrupting the balance of plankton breeding grounds. Both these species
are primary sources of food and all species higher up in the food chain will be
affected by falling populations of krill or plankton The economic impact on fisheries
may be severe.
Warmer winters are having an adverse affect on frog population in Britain. Newts are
entering breeding ponds earlier than before and this has led to newts breeding at the
same time as frogs whose breeding pattern has not changed. With frog and newt
spawn sharing the same breeding ponds the frogs spawn is falling prey to the
predatory newt spawn (Walther G, et al, 2002). This is just one example of the
indirect consequences of climate change in amphibian populations which is being
repeated worldwide. Other areas of competition previously unseen include migratory
birds competing for nest sites and moth species which previously matured at different
times of year maturing at the same time leading to food shortages for tits in the winter
(Walther G, et al, 2002).

Extreme weather
Extreme weather is nothing new as along as there has been weather there has been
extreme weather. However the frequency of extreme weather is increasing. Weather
records seem to be breaking ever year examples such as the record breaking winter in
2010 when Ireland and the UK experienced its coldest December on record (Met
Office 2011).
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This is just one example of the extreme weather seen in recent years other record
breaking events seen in the last two years include a once in a millennium flood in
Nashville Tennessee, 28cm of rain in 24 hours in Rio de Janeiro leading to mudslides
which buried hundreds, more than 20 million people were affected by flooding in
Pakistan and severe flooding in Thailand near Bangkok led to the flooding of several
factories causing the price of computer hard drives to go up due to a shortage.
The last decade has been a decade of drought in Australia and Texas, Russia and east
Africa have also seen droughts (Nat Geo 2012). Events like the drought in Russia led
to a worldwide rise in bread prices after Russia implemented an export ban on wheat
(Bloomberg 2010). The drought in east Africa led to tens of thousands of refugees
(Nat Geo 2012). Europe has been hit with heat waves like the 2003 heat wave which
killed 14,802 people in France (Lagadec P, 2004) and in 2011 record numbers of
tornados hit the USA. All this led to a worldwide extreme weather damage figure of
$150 billion in 2011.
It is too simple to blame the rise in extreme weather events on climate change other
climate factors such as the naturally occurring weather systems El Nino and La Nina
have also played a part. El Nino is characterised by a pool of warm water located in
the central pacific moving east while in La Nina the pool moves west. This causes
thunder storms closer to shore and affects the jet stream.
The earth is getting warmer and this has led to an increase in water vapour in the
atmosphere. The average surface temperature has increased on average by 0.6°C
while some areas like the arctic have gotten wanner 0.6°C is the global average.
Satellite data over the past 25 years shows a 4% rise in the amount of water vapour in
the air column and more water in the air leads to greater potential for high rainfall.
Basic weather circulations patterns are changing the tropical rain belt is widening
while subtropical dry zones are expanding pole ward into southwest America southern
Europe and Australia this has lead to increased risk of drought in these regions.
A major concern is the loss of sea ice in the Arctic Ocean. Since 1980 there has been a
40% reduction in the amount of sea ice over the Arctic which has led to an increase in
temperatures in the Arctic Ocean of between 2°C and 5°C this is because ice reflects
sunlight while water absorbs sunlight. This change in Arctic temperatures has had an
effect on the jet stream causing it to shift which might explain why America had a
warm winter in 2010 while northern Europe had one of the coldest winters on record
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followed. This followed an unusually cold winter in northwest America the previous
year.
An area where there is little doubt is that warmer temperatures will lead to more
severe heat. Nineteen countries recorded record breaking high temperatures in
2010.No region has suffered more from high temperatures in recent years than West
Texas an area where reservoirs are drying up. The period from October 2010 September 2011 was the driest 12 month period in Texas since records begun. In West
Texas an already dry area well levels have dropped below the pump causing motors to
bum out.
In cattle ranching areas of Texas ranch owners have had to move there herds
northwards to allow the cattle to feed sometimes as far as Montana. The drought in
Texas is caused by La Nina but what is making it the worst drought since records
began is the combination of La Nina and climate change. Another consequence is a
record number of wild fires the area of land burned by wild fires in 2011 was twice
the amount burned in the previous worst year. In one wild fire 1,685 houses were
burned down in a wild fire near Austin (Nat Geo 2012).

Climate change in Ireland
Ireland’s climate is described as being maritime due its location at the edge of Europe
next to the Atlantic Ocean. Ireland is also located right in the path of prevailing
westerly winds.
Climate change is not having the same effects all over the world temperature rises are
different in different regions. In Ireland the rise in temperature has been on average
0.74°C which is slightly higher than the global average. Global climate models predict
a rise of 1 A°C - 1.8°C by 2050 and in excess of 2° by the end of the century in
Ireland (Sweeney J et al 2008).
The rate of warming is 0.13°C/decade over the last fifty years six of the ten warmest
years on record have occurred since 1995 the warmest in this period being 1997
indicating that we mat be going through a period of accelerated warming (Sweeney J
et al 2008).
The 1990’s were the warmest decade of the warmest century in the last millennium.
The warming has been happening with minimum temperatures increasing faster than
maximum temperatures in summer while the opposite is happening in winter these
12

temperature changes are not the result of urban heat islands or solar output (Sweeney
J et al 2008).
Ireland has experiences an increase in cloud cover in most regions in recent decades
this has been accompanied by an increase in precipitation in the north of the country
while decreasing in the south of the country. Seasonal changes have also occurred
October and March are becoming wetter wile the period between May and September
is becoming drier and December is also drier (Sweeney J et al 2008).
Irelands warming occurred in two periods the first was from 1910 - 1940 the second
is 1980 onwards. This is consistent with warming experienced on a global scale. The
change in climate experienced has been found to be consistent with that occurring on
a global scale meaning that there is almost no chance that climate change in Ireland is
a localised event.

Predicted Climate change in Ireland
Warming is expected to be more pronounced in autumn and summer and the midlands
and east of the country will experience more apparent warming.
Changes in precipitation are also expected winter rainfall is expected to increase by
10% while summer rainfall is expected to fall by 12% - 17% by 2050. By 2080 the
effects will be more pronounced winter rainfall will have increased by 11% - 17%
while summer rainfall will have decreased by 14% - 25%. The midlands will be most
affected by the increase in winter rainfall while the south and south east will
experience the impact of reduced summer rain.
An increase in the number extreme weather events is expected to accompany any
increase in temperature. This will likely mean longer heat waves, a reduction in frost
days, longer rainfall events in winter and more intense rainfall events in summer. It is
also likely that parts of the south and east will face drought in the future.
As the climate warms soil moisture levels are expected to fall and groundwater
replenishment is expected to slow down. Areas such as the Suir, Blackwater and
Barrow which rely on groundwater more than other areas will be most affected by
this. Stream levels are expected to fluctuate more as the climate changes the increase
in winter rainfall will likely mean streams running 12%-20% higher in February than
they currently do while levels in autumn are expected to be much lower than current
levels (Sweeney J et al 2008).
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Predicted effects of climate on Irish agriculture
Agriculture will be heavily affected by changes to the climate. In east Ulster and east
Leinster grass, barley and potato crops are expected to be affected by water stress on a
much more regular basis. A reduction in soil moisture will cause problems for dairy
farms and late summer feed deficits may mean feed will need to be supplemented.
In Connaught and central Ulster yields of grass, barley, maize and potatoes are
expected to increase while it is expected that soybean yields will increase as the
century goes on. Currently soybeans are not grown in Ireland
(Food safety authority Ireland 2002).A reduced need for fertilizer is expected
especially in areas with poorly drained soils.
In the extreme North West conditions are expected to be relatively cool and wet this
will lead to lower yields of grass, maize and soybeans but increased yields of barley
and potatoes.
In South and South West Munster the increase in temperature will suit most crops as
moisture levels are not expected to be affected. Dairy farming will be unaffected
however potato yields will decrease as droughts become more frequent. The increase
in temperature will mean that there will be less need for nitrogen based fertiliser
which will reduce input costs and as many areas are expected to see increased crop
yields output will increase so climate change could be beneficial to many in Irish
agriculture. The dairy sector will be affected by the changing climate but not to the
extent where it becomes unviable so the dairy industry will still be a major part of
Irish agriculture in the future (Sweeney J et al 2008).

Predicted effects on Irish ecology
Changes in biodiversity are expected as the climate warms the most noticeable change
will be changes in the life cycle events such as leafing, leaf fall and budding. In
vulnerable ecosystems adaptation is considered unlikely due to the fragile and
specialised nature of these ecosystems.

14

The increase in temperature will mean the temperature sensitive event of bud burst is
likely to happen earlier in the year how this will affect ecosystems will vary with each
species. Winter chilling requirements will likely also have an effect which will affect
different species in different ways.
Long term habitat shifts in Ireland should not have a serious impact on biodiversity
because it is unlikely that any species will completely leave Ireland as long as
migration routs exist for habitat shift to occur (Sweeney J et al 2008).
The most vulnerable habitats include sand dunes, lowland calcareous and
calaminarian grasslands, montane heath, raised bogs, calcareous fens, turloughs and
upland lakes (Sweeney J et al 2008).
Peatland is an ecosystem considered by some to be as fragile as the rainforest (Natural
Life Magazine 2012). Peatland will experience increased decomposition in the future
mainly due to cracking in the summer. This will affect the composition of the peat
bogs leading to further deterioration. Based on current climate models the area of land
suitable for fens may decrease by as much as 40% by 2050 while the loss of land
suitable for blanket may decline by 30% and for turloughs by 45% during the same
period (Sweeney J et al 2008).
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Crops Yields and Climate Change
The Major use humans make of land today is for agriculture with 1.2-1.5 billion
hectares being used for growing crops while another 3.5 billion hectares are being
used for grazing (Howard M, et al, 2007). However the human population is still
increasing at a rate of 1.14% per year (About.com 2009) so food demand will increase
as the population grows. Agriculture dose more than just provide food agricultural
land also provides a habitat for many species and provides ecosystem services.
Climate events such as El Nino are already affecting agricultural yields due to the
drought and flooding that accompanies these events. It is estimated that El Nino
accounts for between 15% and 35% of global yield variation in wheat, oilseed and
coarse grains. The effect that El Nino is having on global crop yields illustrates how
sensitive agriculture is to changes to climate (Howard M, et al, 2007).

Africa
The area where climate change is going to affect crops yields most is in the
developing world where those who work in agriculture lack the recourses to adapt to
changing conditions. The area most at risk is Africa in Africa most agriculture is
subsistence farming on small farms. It is estimated that by 2020 the yields from rain
fed crops in Africa could be reduced by 50%. This will severely affect the access to
food in many African countries which will affect food security and malnutrition
which is already considered a problem in Africa. The Main climatic factor affecting
crop yields in Africa is rainfall and Africa is expected to be the continent most
affected by drought due to climate change and as a large portion of African farms rely
on rain to water there crops drought is a major concern.
Some areas of Africa will experience severe reductions in crop yields or even total
loss of agricultural production in the near future however the opposite is true in other
areas of Africa. While some regions are expected to become dryer other areas are
expected to become wetter which could result in an increase in crop production. Some
areas may be able to adapt by planting more resistant crops wheat is sensitive to
temperature rises but other crops like millet are not so by switching crops dryer areas
may still be agriculturally viable.
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There are several indirect effects that could affect agricultural in Africa these effects
include cropland inundation, erosion, and salinization caused by sea level rise,
altered crop resistance to insect damage, and the response of pests and pathogens
to climate change (Muller C, et al, 2011). Research shows that crop plants such as
wheat and oats become more susceptible to rust diseases which will become more
common as temperature rise.

United States of America
The United States is one on the world’s largest agricultural economies producing 41%
of the world’s com and 38% of the world’s soybeans The United States also produces
significant amounts of wheat, fruit & vegetables and milk. Crops produced by the
United States are critical to the worlds food supply. The United States is the world’s
largest exporter of agricultural goods and therefore any disruption to United States
agricultural will have far reaching effects.
Both corn and soybeans are among the top four most eaten crops in the world and are
also widely used for feeding cattle, poultry and pigs.
Research shows that corn and soybean crop yields increase gradually with
temperatures of between 29°C and 30°C and grow well in temperatures after which
yields sharply decline. If current warming continues then yields of these two crops
could fall by 30-46% by 2100 and if the most severe warming models prove true then
the decline in yields will be 63-82%. Although this model was only used in the United
States it is reasonable to assume that the effects will be similar in countries that share
a similar climate to that of the United States. The model used to make these
predictions used yield and climate data from 1950-1977 and from 1978-2005 as a
baseline. Along with the increase in temperature there will also be an increase in
precipitation which will have mitigating effect on the damage caused by the
increasing temperatures (W Schlenker, et al, 2009).
The damage that is predicted to happen over the next 100 years could be mitigated by
growing more heat tolerant crops or by using genetically engineered varieties which
are resistant to drought and high temperatures (NSF 5/11/2012).

17

Europe
Agriculture is still the dominant user of land across Europe and is a key part of
national and local economies in several parts of Europe. Studies have shown the stress
imposed by climate will intensify in the coming years. In the next century the
agricultural map of Europe could change dramatically regions which currently
produce very little agricultural products such as northern Scandinavia and Iceland will
be warm enough to start growing crops thus warming will most likely benefit the
agricultural industry in Scandinavia and Iceland. Yields in northern Europe could rise
by as much as 52% if the temperature rose by 5.4°C. Britain and Ireland would also
benefit from warming but to a lesser extent. The increase in yields would result from a
longer growing season. However the potential benefits for Britain will only happen in
warming scenarios of 4.1°C and 5.4°C yields would decrease if the temperature rose
by less than 4°C. The yields from Britain and Ireland could fall by 11% if the level of
warming is below 4°C but rise by 19 % if the level of warming is 5.4°C (J C Ciscar, et
al, 2011).
While warming is expected to be good for crop Yields in Northern Europe the
opposite is true of Southern Europe. If the worst warming scenarios of warming of
5.4°C happen then yields in southern Europe could drop by more than 25% in fact any
warming above 2.5°C will negatively impact yields. Similar but less severe reductions
of crop yields are expected to affect south central Europe where yield reductions of up
to 8% are expected. When Europe is taken as a whole yields reductions of 10% are
expected by 2080 if the temperature rises by 5.4°C (J C Ciscar, et al, 2011).

Crop reaction to climate change
Crops plants will respond to small changes in atmospheric CO2 concentrations, higher
temperature, changes in precipitation and increased frequency and severity of extreme
whether events. Weeds pests and plant pathogen will also be affected by a changing
climate and this will directly affect crop plants.

Effects of elevated CO2
Over the last 30 years studies have shown that as CO2 levels increase so dose plant
biomass and crop yields. These results have been achieved in a wide Varity of settings
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such as controlled environment closed chambers, greenhouses, open and closed field
top chambers, and free-air carbon dioxide enrichment (FACE) experiments (F N
Tubiello, et al 2007). The reason for better plant growth in elevated CO2 is that CO2
stimulates photosynthesis (F N Tubiello, et al 2007). This makes sense when we look
at the photosynthesis equation
6CO2

+ 6F120 + Energy -> C6H12O6 + 6O2

So as long as there is adequate water and energy provided by sunlight CO2 Should
have a positive effect on plant growth. Experiments done under optimal conditions
where atmospheric CO2 levels were doubled showed an increase in leaf
photosynthesis of 30%-50% in C3 plants and 10%-25% in C4 plants (F N Tubiello, et
al 2007).
Crops yields increased at a lower rate than the photosynthetic response when crops
were grown in CO2 concentrations of 550ppm as opposed to atmospheric CO2 which
is 380ppm crops yields increased in the range of 10%-20% for C3 crops and 0%-10%
for C4 plants.
Although elevated CO2 has a beneficial effect on crop yields several limiting factors
mean that increases in yields of 20% are unlikely since the increased yield data was
achieved in experiments preformed under optimal conditions. Factors such as pests,
weeds, nutrients, competition for resources, soil water and air quality will all impact
yields as well as increased CO2

Interactions of elevated CO2 with temperature and precipitation
Much of the positive effects elevated C02 levels will have on crop yields will be
negated by negative effects of increased temperature such as high temperature during
flowering resulting in reduced grain numbers size and quality. Water demand was
found to increase with increased temperature and this would impact yields of rain feed
plants meaning irrigation may be needed to increase yields.
Precipitation will also play a key role in crop Yields as over 80% of total agricultural
land is rain feed so any change in precipitation levels will have an affect on crop
yields. Plants use of water is more efficient in elevated CO2 but it is unlikely to negate
any drought affects (F N Tubiello, et al 2007).
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Increased frequency of extreme weather
The increases in extreme weather which accompanies climate change (Rosenzweig C,
et al 2001) will likely lead to production losses beyond those expected from
temperature change alone. Climate events which lead to an increase weather such as
El Nino increase the likelihood of farm incomes falling below the long term median
by 75% and the impact on gross domestic product ranges from 0.75% to 1.6%. In
2003 Europe experienced a summer where temperatures were 6°C above the mean
and during this year precipitation was up to 300mm below average. In Italy’s Po
valley crop yields fell by 36%. The financially figure for uninsured losses that year
was 13 billion Euros (F N Tubiello, et al 2007).

Interaction with air pollutants
Tropospheric ozone is a secondary pollutant formed from emissions of nitrogen
oxides, non-methane volatile organic compounds and carbon monoxide (GEMET
Thesaurus 2012). Tropospheric ozone has significant adverse effects on crop yields.
Production of pre ozone compounds in particular NOx have fallen sharply in North
America and Europe while other areas have seen an increase in production, most
notably in Asia. The increase in ozone production will likely have a negative impact
on crop production with or without the positive effects of increased CO2. The
potential damage is hard to quantify do to a lack of models accessing the potential of
increased ozone on plant production but Tropospheric ozone is known to negatively
impact plant production and Tropospheric ozone in increasing ( F N Tubiello, et al
2007).

Agriculture

In this study we aim to investigate the effect of climate on the growth of winter wheat
and spring barley in an Irish context. Using data gathered from the Teagasc
agricultural research at Oak Park in Carlow.
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Wheat

Taxonomy
Triticum aestivum belongs to the family poaceae the subfamily pooideae and tribe
triticeae. It is commonly know as wheat, bread wheat or common wheat.
There are two main species of wheat grown across the world the first is T. aestivum
which includes the classes hard red winter, hard red spring soft red winter, hard white
and soft white. The second species of wheat commonly grown is T. turgidu. durum
which includes the duram and red duram classes which are used in the production of
pasta and macaroni. Most bread wheat grown in the northern hemisphere are red
wheat (Australian department of health 2008).

Human Food
Wheat has formed a large part of the diet of people in developed for many years and
the consumption of wheat is on the increase in developing countries. In the ten year
period between 1972-82 consumption of wheat in the developing world increased by
73%. In 1996/97 the amount of wheat used in developing countries was 330 million
tonnes while in developed countries the amount used was 248 million tonnes.
The main use of wheat is for bread manufacture. The average bread consumption in
Ireland is 440kg a year this includes both white and brown bread. Wheat flour is also
used to make biscuits, noodles, confectionary products and wheat gluten which is
used as an alternative to soy based products in vegetarian cooking.
Wheat has found alternative used worldwide apart from as a primary food source for
humans these include use as an animal feed, conversion of wheat starch to ethanol for
consumption and biofuel, brewing of wheat beer, production of wheat based cat litter,
production of wheat based raw material for cosmetic products, wheat protein in meat
substitutes and to make wheat straw composites (Australian department of health
2008).

OkK fNSTffUTfr OF TgCHNOiOGr
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Barley

Taxonomy
Barley belongs to the genus Hordeum in the tribe triticeae of the grass family. The
triticeae is a group of temperate plants which contains several economically important
cereals and forages as well as approximately 350 wild species. The genus Hordeum
is unusual among the triticeae because it contains both annual species such as
H. vulgare and perennial species such as H. hulbosum (Australian department of
health 2008).

Commercial uses
Barley is the fourth most important cereal crop in the world behind wheat, maize and
rice and is part of the top ten crop plants in the world. Globally 56 million hectares are
cultivated producing 136 million tonnes of barley (Australian department of health
2008).

Human food

Traditionally barley was one of the main food grains used however in recent years
wheat and rice have surpassed barley as a food in many countries. Barley is still used
as a food grain in some regions including Morocco, India, China and Ethiopia. Barley
is widely consumed as flatbread or porridge in many parts of North Africa and Asia.
Barley is usually used as a food in areas where other cereals do not grow well due to
high altitude, low rainfall or soil salinity.
In recent years barley has started regaining popularity as a food grain in westerner
countries where it is used for flour in bread making and specialty foods such as bay
food, health food and thickeners (Australian department of health 2008).

TO
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Factors affecting growth
The factors affecting the growth of wheat and barley crops are numerous and can be
divided into abiotic and biotic factors.

Abiotic

Nutrients
There are three main nutrients needed for the successful growth of wheat and barley
these are nitrogen, phosphorus and potassium. Sulphur and zinc are also needed while
barley needs small amounts magnesium and copper. These nutrients are present in the
soil but for maximum yield nitrogen fertilizer is added to the crops for wheat this is
done before the crop is sown and for barley 10 weeks after sowing but this will vary
in different regions.
Phosphorous is added to the field before or during sowing of the seed and potassium
might be added to improve the roots and leaves.

Temperature
Wheat and barley are cold season crops with a wide temperature range for growth
both crops are grown in a wide variety of environments with wheat having the
broadest adaptation of all cereal crops. The optimal temperature for wheat growth is
25°C the optimal growth for barley is 15°C-30°C. Wheat can survive at temperatures
as low as 3°C barley however is not as cold tolerant is susceptible to frost damage
(Australian department of health 2008).

Water
Wheat grows on well drained land and can grow with annual precipitation levels
between 250 to 1750mm however best growth is achieved with annual precipitation of
375 to 875mm. Wheat is a dryland crop meaning that irrigation is not necessary.
Barley grows on coarse textured well drained soil it grows best with annual
precipitation of 325 to 750mm. Barley produces more dry matter per unit of water
used than other cereal crops due to this barley is well adapted to drought however this
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drought will still lead to abiotic stress for the plant. Waterlogging is a major problem
to growing barley so barley cannot be grown in high rainfall zones.

Others

Wheat and barley are sensitive to aluminium toxicity and boron Barley has a low
tolerance to soil acidity which is a major growing constraint however barley is very
tolerant of soil salinity and alkaline soils (Australian department of health 2008).

Biotic

Weeds

Weeds are a problem for both wheat and barely the most common weeds to interfere
with wheat and barley are wild radishes, doublegee, oats, ryegrass and capeweed.
Barley is also known to present as a weed in wheat fields. Weeds that have staggered
germination such as wild radishes, doublegee, oats and ryegrass are difficult to
control. Barley is more tolerant to weeds than wheat because of its greater tilling
ability (Australian department of health 2008).

Pests and pathogens

Wild birds have been observed damaging wheat and barley all over the world. This
damage occurs during germination and seed ripening depending on the bird. The two
most common birds to damage wheat and barley are crows and pigeons (Teagasc
2012).
Rodents such as rats and mice and other mammals such as rabbits are also known to
cause damage to wheat and barley crops. Rabbits will usually eat soft green lush grass
while rodents are opportunistic feeders and have a varied diet and will eat the seeds or
the stem and other plant material. Rodents are also known to eat seeds soon after
sowing before germination.
Insects are also a cause of crop damage the main crop damaging insects are grain
aphids, rose grain aphids, slugs, wire worm and leatheijackers which is the larval
form of the crane fly or daddy-long-legs. Managing insects involve cultivation good
weed management and the use of insecticide sprays (Australian department of health
2008).
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The main pathogen susceptibility of wheat is to fungal infection such as septoria,
mildew, rusts, fusarium, take-all and eyespot. Some fungi Septoria (leaf blotch) and
Tapesia (eyespot) are showing fungicide resistance (Teagasc wheat 2012). The
pathogens affecting barley are also mainly fungi but the fungi affecting barley are
rhynchosporium (leaf scald), mildew, head blight and net blotch. Controlling fungal
disease involves the application of fungicide (Teagasc barley 2012).
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Methods and materials
The data used originated from the Teagasc, Oak Park Crops Research Centre, Carlow
the data was in two parts the first part was yield data which gave yields of winter
wheat and spring barley from 2004-2010. This data came from a trail where the
effects of different levels of input were being tested. There were eight replicates for
each year on eight plots four of the plots were treated with high levels of input and
four were treated with low levels of input. Input refers to fertilizer, herbicide and
fungicide. There was no information on the soil quality in the various plots so this
couldn’t be included in the final model.
The climate data was gathered from a weather station located at the Teagasc, Oak
Park Crops Research Centre. The weather data recorded included daily means of the
following weather variables maximum temperature, minimum temperature, mean
temperature, total rainfall, maximum annual rainfall, mean wind speed, maximum
gust, solar radiation, humidity, cbl pressure and soil temperatures taken at various
depths. The data was gathered from 2004-2010 however the weather data for 2004
was gathered using a different system and the weather variables measured in 2004
were different so it was decided to use the data from 2005-2010.

Statistical analysis
The first step m analysing the data was converting the weather from daily averages
into yearly averages as there was only one yield per plot per year to compare with the
weather data. The weather data used was from the months which wheat and barley are
grown so the weather for each crop differs from the other.
The next step was to gather summary statistics on the two sets of data, the summary
statistics tested normality, co linearity and correlation between the various weather
variables and the yield data. . In cases where two or more explanatory variables were
highly correlated only one of the explanatory variables was included in the final
model. Box plots were also produced for yield by input and yield by year.
The final step was building a mixed effect model.
A mixed effect model was used because plot is nested within input because each plot
level is not present for each level of plot. Mixed effects are the best way to analysis a
data set with both fixed and random effects.
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Mixed effect models describe the relationship between a response variable and one or
more covariates however mixed effect models differ from other models because
mixed models use both fixed and random effects. Fixed effects have levels of primary
interest and would be used again if the experiment was repeated. Random effects are
of primary interest but are rather a random selection from a much larger sea of levels
(hseltman/Book/chapter 15).
Two of the in this model covariates are what is know as nested a nested covariate is a
covariate that is contained within another covariate in this case plot number is nested
within input. This means that each variable cannot be considered without considering
the other. For use in the mixed effect model each covariates have to analysis with
consideration for the other covariate.
The final step was building a mixed effect model.
The formula for the model is written as

y = a->rhx^ + CX2 + (1 / input / plot) + si
Where y is yield a is the intercept h is the slope or effect of the weather variable and c
is the effect of input si represents a random effect. All the weather variables carried
over from the summary were tested in this model and the variables that were retained
in the model were validated using plots of residual values vs fitted values.
All statistical analyses were carried out using Microsoft Excel 2003 and IBM SPSS
Statistics 20.
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Results

Normality
Nornial data should have a bell shaped curve when plotted. Testing for normality can
be done using the Shapiro-Wilk test for smaller data sets but it can handle datasets as
large as 2000. The Kolmogorov-Smimov test is for datasets larger than
2000(statistics. laerd.com 2012). Normal Q-Q plots are also used if the data points are
close to the line the data is normal. When used together the Shapiro-Wilk and the
normal Q-Q plots will determine if a data set is normal. Normal data is a prerequisite
for many statistical tests. Sample size can affect the results of a normality tests.
Sample distribution of the mean has much less variability in large data set than in
small data sets. The sizes of the samples used in this study are very small only six
samples in most cases so a departure from normal is unlikely.
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l^able 1. Normality’ data for barley variables
Shapiro-Wilk
Statistic

Sig

Maximum
temperature
Minimum
temperature
Mean temperature

.964

.851

.909

.430

.639

.001

Total Rainfall mean

.764

.027

Total rainfall
maximum
Solar radiation

.960

.823

.958

.806

Humidity

.975

.926

30cm temperature

.904

.408

Yield at 15%
moisture

.980

.592

With the Shapiro-Wilk test a Sig value of greater than .05 means the data is normal so
normal in Table 1 all values are normal with the exception of Mean temperature and
Total rainfall mean. In Appendix A are the normal Q-Q plots for Table 1.
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Co linearity
Table 2. Correlation of weather variables barley.
Maximum
temperatu
re

Maximum
temperatu
re

Minimum
temperatu
re

Mean
temperatu
re

Total
rainfall
mean

Total
rainfall
maximum

Solar
radiation

humidity

30cm
temperatu
re

Persons
correlat
ion
Sig (2
tailed)
Persons
eorrelat
ion
Sig (2
tailed)
Persons
correlat
ion
Sig (2
tailed)
Persons
correlat
ion
Sig (2
tailed)
Persons
correlat
ion
Sig (2
tailed)
Persons
correlat
ion
Sig (2
tailed)
Persons
correlat
ion
Sig (2
tailed)
Persons
correlat
ion
Sig (2
tailed)

Minimum
temperatu
re

Mean
tempera
ture

Total
rainf
all
mea
n

Total
rainfal
1
ma.xi
mum

Solar
radia
tion

Humidity

30cm
tempera
ture

.570

-.529

-.515

-.551

-.160

-.270

.216

.238

.280

.295

.257

.762

.605

.681

.570

-.016

-.273

-.191

-.297

.467

.321

.238

.976

.601

.717

.568

.351

.535

-.529

-.016

.593

,594

-.087

.792

.681

.280

.976

.214

.214

.870

.061

.136

-.515

-.273

.593

.584

-.013

.602

.226

.295

.601

.214

.224

.981

,206

.667

-.551

-.191

.594

.584

-.681

.446

.360

.257

.717

.214

.224

.136

.376

.484

-.160

-.297

-.087

-.013

-.681

-.156

-.398

.762

.568

.870

.981

.136

.767

.434

-.270

.467

.792

.602

.446

-.156

.552

.605

.351

.061

.206

.376

.767

.256

.216

.321

,681

.226

.360

-.398

.552

.681

.535

.136

.667

,484

.434

.256

If two variables are co linear this means that the variables have a strong correlation
this correlation can be either positive or negative. If two explanatory variables in this
case weather variables are highly correlated then only one variable needs to be tested
against the response variable in this study we define a strong correlation to be a
Pearson correlation value of above 0.7 and a sig value below 0.05. In table there are
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no examples of strong correlation. In Appendix B are scatter plots giving a visual
representation of the co linearity.

Table 3. Normality data for wheat variables.
Shapiro-Wilk
Statistic

Sig

.964

.851

.718

.010

.885

,292

.764

.027

.973

.921

.912

.450

Humidity

.943

.687

30cm
temperature
Yield at 15%
moisture

.903

.395

.977

.456

Maximum
temperature
Minimum
temperature
Mean
temperature
Total rainfall
mean
Total rainfall
max
Solar radiation

With the Shapiro-Wilk test a Sig value of greater than .05 means the data is normal so
normal in Table 3 all values are normal with the exception of Minimum temperature
and Total rainfall mean. In Appendix C are the normal Q-Q plots for Table 3.
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Co linearity
Table 4. Correlation of weather variables wheat.
Minimum
temperatu
re

Mean
temperat
lire

.564

.691

.001

.702

-.408

-.589

.568

.244

.129

.999

.120

.422

.219

.240

.564

.944

.244

.763

-.782

-.258

884*

.244

.005

.642

.078

.066

.622

.019

Maximum
temperatu
re

Maximum
temperatu
re

Minimum
temperatu

Pearson
correlat

Total
rainfall
mean

Total
rainfall
maximum

Total
rainfall
maxim
um

Solar
radiati
on

humidity

30cm
temperat
lire

lOTi

Sig. (2
tailed)
Pearson
correlat
inn

Mean
temperatu
re

Total
rainf
all
mea
n

Sig. (2
tailed)
Pearson
correlat
ion
Sig. (2
tailed)
Pearson
correlat
ion
Sig. (2
tailed)
Pearson
correlat
ion

.691

944

.088

.718

-.618

-.433

.912

.129

.005

.869

.108

.191

.391

Oil

001

.244

.088

.224

-.012

.573

-.016

.999

.642

.869

.669

.982

.235

.977

.702

.763

.718

.224

-.600

-.577

.461

.120

.078

.108

.669

.208

.231

.357

-.408

-.782

-.618

-.012

-.600

.141

-.719

.422

.066

.191

.982

.208

.790

.107

-.589

-.258

-.433

.573

-.577

.141

-.206

.219

.622

.391

.235

.231

.790

.695

.568

.884*

.912

-.016

.461

-.719

-.206

.240

.019

.011

.977

.357

. 107

.695

^15.

Solar
radiation

Humidity

30cm
temperatu
re

tailed)
Pearson
correlat
ion
Sig. (2
tailed)
Pearson
correlat
ion
Sig. (2
tailed)
Pearson
correlat
ion
Sig. (2
tailed)

In the Table 4 there are 3 examples of strong correlation. Minimum temperature and
mean temperature have a strong positive correlation, minimum temperature and 30cm
temperature have a strong positive correlation and mean temperature and 30cm
temperature have a strong positive correlation. In Appendix D is a set of scatter plots
to give a visual representation of the co linearity.
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Correlation between weather and yield
Table 5. Correlation of barley weather and barley yields.
Maximum
temperatu
re

Yield
at
15%
moist
ure

Pearson
correlat
ion
Sig. (2
tailed)

Minimum
temperatu
re

Mean
temperat
ure

Total
rainf
all
mea
n

Total
rainfal
1
maxim
um

Solar
radiat
ion

Humidity

382

- 208

- 171

- 223

- 121

- 098

- 421

251

.007

.156

.246

.128

.400

.508

.003

.086

1 able 5 shows the results of correlation between weather variables and yield for
barley all variables show a weak correlation or statistically insignificant correlation
due to the Sig value being above .05 with the exception of humidity and max temp
which shows some correlation.

1 aulv vj. K. UI I c^iui lun u/

Yield
at
15%
moist
ure

30cm
temperat
ure

yvnc,ui

yv%:,uinc-i

u/iu yy/icui ytoiu.'*

Maximu
m
temperatu
re

Minimu
m
temperat
ure

Tota
I
rainf
all
mea
n

Total
rainfal
1
maxim
um

Solar
radiat
ion

humidit
y

-.092

.227

-.010

.377**

-.125

-.305

.534

.120

.948

.008

.399

.035

Pearso
n
correlat
ion
Sig. (2
tailed)

Table 6 shows the results of correlation between weather variables and yield for
wheat. Humidity Total rainfall maximum are the only statistically significant and this
shows a weak correlation.
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Yield by input
Barley

Fig 1 shows the difference between barley yields treated with high vs. low input. It is
clear from this box plot the there is a significant difference in yield when input is
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considered with yields of high input plots being higher than plots treated with low
input.

Wheat
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Fig 2 shows the difference between wheat yields treated with high vs. low input. This
box plot shows the considerable difference between plots treated with high and low
input.

Yield by year
Barley
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Fig 3 shows the difference in barley yields from year to year. This box plot shows the
variation in yields from one year to the next. There is significant variation in yield
from year to the next.

Wheat
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Fig 4 shows the difference in wheat yields from year to year. This box plot shows the
variation in yields from year to year

Mixed effects model
The formula used in this model is

y = a + bx^ + 0X2 + (1 / input / plot) + si where a is

the intercept b is the slope associated with the weather variable x/ and c the parameter
controlling the magnitude of the effect of the dummy variable for input jc^.
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Table 7. Estimates offixed effects for barley
Parameter

Estimate

Std. Error

Sig.

df

95% Confidence Interval
Lower Bound

Upper Bound

-1435.978645

2250.082462

45

.527

-5967.877357

3095.920067

266.916595

82.284793

45

.002

101.186515

432.646674

1173 711177

287.356068

45

.000

594.946346

1752.476008

4974.152201

567.820696

45

.000

3830.502612

6117.801790

-169.519292

103.378818

45

.108

-377.734919

38.696335

1173.711177

310.059866

45

.000

549.218550

1798.203804

7298.216502

1121.879462

45

.000

5038.635276

9557.797728

-141.790312

106.434258

45

.190

-356.159911

72.579288

1173.711177

313.075163

45

.001

543.145430

1804.276925

7159.515568

783.698673

45

.000

5581.065415

8737.965720

-613.158222

347.927392

45

.085

-1313.919960

87.603517

1173.711177

308.713543

45

.000

551.930184

1795.492171

6318.318226

552.636708

45

.000

5205.250760

7431.385692

-15.875734

16.536286

45

.342

-49.181525

17.430056

1173.711177

315.969543

45

.001

537.315850

1810.106505

9083.044783

4317.993605

45

.041

386.159229

17779.930337

-2.657034

3.525410

45

.455

-9.757575

4.443508

1173.711177

317.193350

45

.001

534.850976

1812.571378

28185.256173

6100.286909

45

.000

15898.647636

40471.864709

humidity

-276.288575

75.363973

45

.001

-428.079408

-124.497742

[input=H]

1173.711177

280.091050

45

.000

609.578845

1737.843509

Intercept

-7160.123084

6495.604335

45

.276

-20242.941788

5922.695620

1080.663130

539.950319

45

.051

-6.852638

2168.178898

[input=H]

1173.711177

305.865957

45

.000

557.665517

1789.756837

[input=LJ

o'*

0

Intercept
Maximum
temperature
[input=H]
Intercept
Minimum
temperature
[input=H]
Intercept
Mean
temperature
(input=H]
Intercept
Total rainfall
mean
|input=H|
Intercept
Total rainfall
max
{input=H)
Intercept
Solar radiation
|input=H]
Intercept

@3 0cm
temperature

In Table 7 for the weather coefficient to be significant the sig value needs to be below
.05 and this only happens with the results for humidity so humidity is the only
significant weather variable being retained in this model.

Table 8 Parameter estimates for the final model selected to estimate barley yield
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Parameter

Estimate

Std.

df

Sig.

95% Confidence
Interval

Error

Lower
Intercept

Upper

Bound

Bound

.000

15898.6

40471.9

28185.3

6100.3

45

humidity

-276.3

75.4

45

.001

-428.1

-124.5

[input=H]

1173.7

280.1

45

.000

609.6

1737.8

[input=L]

0^’

0

input
Oo
’

1

humidity

Fig5 This plot shows hoe our statistical model models the relationship between yield,
humidity and input. 0 represents low input while 1 represents high input. The upper
line is the line given by the model with high input while the lower line is the line
given by the model with low input.
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Fig 6 shows the plot of residual (vs) fitted values for the model. If the model fits the
data well then the points on a residual plot should look like stars the night. This plot
shows a good spread of points so it is a good fit.

Table 9. Estimates offixed effects for wheat
Parameter

Intercept

Estimate

10464.799905

Std. Error

2593.921381

df

45

Sig.

.000

95% Confidence Interval

Lower Bound

Upper Bound

5240.374060

15689.225749
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Maximum

-65.091976

94.858871

45

.496

-256,147550

125.963598

[input^H]

1059.140415

331.267437

45

.003

391.933548

1726.347282

Intercept

9523.213326

527.950028

45

.000

8459.867386

10586.559267

111.805144

64.067852

45

.088

-17.234134

240.844422

[input=H]

1059.140415

322.269716

45

.002

410.055887

1708.224943

Intercept

8768.582016

1099.340103

45

.000

6554.397390

10982.766642

-31.527255

442.816657

45

.944

-923.405785

860.351274

[input=H]

1059.140415

332,977319

45

.003

388,489668

1729.791163

Intercept

6172.961792

846.096970

45

,000

4468.835018

7877.088566

78.888308

25.634098

45

.004

27.258584

130.518031

1059.140415

302.665745

45

.001

449.540313

1668.740518

12566.63181 1

4156.080065

45

,004

4195.856868

20937.406754

-4.528934

4.850417

45

.355

-14.298175

5.240306

[input=H]

1059.140415

329.816452

45

.002

394.855982

1723.424849

Intercept

25673.762078

7050.875162

45

.001

11472.570521

39874.953636

humidity

-201.017622

83.422479

45

.020

-369.039119

-32.996124

[input=H]

1059.140415

313.390939

45

.002

427.938663

1690.342167

[input=L]

0^*

0

temperature

Minimum
temperature

Total rainfall
mean

Total rainfall
max
[input=H]
Intercept
Solar radiation

Table 10 Estimates for the final model selected to estimate barley yield
Parameter

Intercept

Estimate

Std. Error

df

Sig.

95% Confidence Interval
Lower Bound

Upper Bound

6173

846.1

45

.000

4468,8

7877.1

78.9

25.6

45

.004

27.3

130.5

Total
rainfall
max
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[input=H]

1059.1

302.7

45

.001

449.5

1668.7

Intercept

25673.8

7050.9

45

.001

11472.6

39875

humidity

-201

83.4

45

.020

-369

-33

[input=H]

1059.1

313.4

45

.002

427.9

1690.3

[input=L]

O*’

0

In Table 9 for the results to be significant the sig needs to be below .05 and this only
happens with the results for humidity and total rainfall max so humidity and total
rainfall max are the only weather variable being retained from these model.

input

Oo
C 1

humidity

Fig 7 this plot shows the how our statistical model models the relationship between
yield, humidity and input. 0 represents low input while I represents high input. The
upper line is the line given by the model with high input while the lower line is the
line given by the model with low input.
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Fig 8 shows the plot of residual (vs) fitted values for the model. If the model fits the
data well then the points on a residual plot should look like stars the night. This plot
shows a good spread of points so it is a good fit.
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input

Oo
C1

Fig 9 this plot shows the how our statistical model models the relationship between
yield, total rainfall max and input. 0 represents low input while 1 represents high
input. The upper line is the line given by the model with high input while the lower
line is the line given by the model with low input.

Fig 10 shows the plot of residual (vs) fitted values for the model. If the model fits the
data well then the points on a residual plot should look like stars the night. With the
exception of the two points at the far left of the plot this plot shows a good spread of
points so it is a good fit.
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Discussion
In this study it was found that there is a negative relationship between both the yield
of barley and the level of humidity and the yield of wheat and the level of humidity.
For years with high humidity the crop yield is lower than for years with low humidity.
The reasons for this could be that high humidity promotes the growth of fungal
diseases on the plant. Fungal spores grow better in high humidity and the main
diseases of wheat and barley such as mildew are fungal diseases (TamilNuda
Agricultural University Coimbatore 2008). The incidence of insect pests and diseases
is also higher in high humidity (TamilNuda Agricultural University Coimbatore
2008).
A positive relationship between wheat yield and maximum rainfall was discovered as
the yearly maximum rainfall increases the yield of wheat also increases. This
relationship was not expected the relationship between rainfall and increased yield is
one where steady stabile rainfall leads to better yields (Kristensen, Schelde and
Olesen, 2010). It is hard to find an explanation for a positive relationship between
maximum rainfall and yield.
The results of this study show that a relationship exists between weather and crop
yields which was the original objective of the study however there were limitations to
this study. First the study was carried out on data gathered over a six year period
which means that the sample size was small; making relationships difficult to detect
another limitation was that the data was gathered from a single location although the
data contained yield information from eight different plots these plots were all in the
same site. If multiple locations were used it would have being a more varied dataset to
work with and it would have allowed soil quality to be added as an explanatory
variable.
If more than two crop were being grown this would have being useful as more crops
would have being more data the relative yields of different crops will be different
adding more variability to the overall dataset.
The main limitation on this study was time the study was carried out over a time
period of just three months study, finding additional data would have been difficult in
this short period of time.
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There has being research carried out on the relationship between weather and climate
change. Most of these research papers are focused on future projections due to climate
change. Due to a lack of data any difference due to climate change did not show up in
this study. A study carried out on winter wheat by (Kristensen, Schelde and Olesen,
2010) identified temperature and rainfall as the determining factors in influencing
crop yields and suggest that increases in temperature and reduced rainfall over the
next several years will see a reduction in yields due to changes in temperature and
precipitation. Most studies tend to focus on the relationship between temperature and
crop yields. Studies carried out by (Julia M Slinuo et al 2005), (Shuaizhanu
Feng, Alan B. Krueger, and Michael Oppenheimer 2010) and (Simon J. Lloyd, R,_Snn
Koyats, and Zaid Chalabi 2011) all focus on the relationship between crop yields and
temperature or crop yields and precipitation. All these studies find that increasing
temperature and changes to precipitation patterns will lead to reductions in crop
yields.
In this study there was no significant relationship between mean, minimum or
maximum temperature and yield and but this could be due to the small size of the
data. It would appear that in light of other research carried out in this area that the
results obtained showing no relationship between temperature and yield might not be
a true reflection of the relationship between weather and crop yields. A larger data set
would be needed to give a more accurate picture of the relationship between weather
and yield. The relationship between yield and humidity is the most significant result
obtained as there is some evidence that high humidity can negatively affect crop
growth (TamilNuda Agricultural University Coimbatore 2008). The fact that a
relationship with humidity was found for both wheat and barley means it is unlikely to
be coincidental. Grain baring crops grow best when the humidity is neither high nor
low and the humidity data for this experiment is high. Some pests of wheat of barley
such as aphids thrive when the humidity is high (TamilNuda Agricultural University
Coimbatore 2008).
The surprise was the lack of a relationship between temperature and yield as this
relationship is evident in other study however the other studies were preformed on a
larger scale.
Further work in this area would be to enlarge the study. Ideally the study period
would be twenty years or more rather than six. With a large enough time period it
should be possible to see the effects of climate change on crop yields. A study with
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several locations around the country to give a country wide picture of the relationship
between weather and yield looking at mean, minimum and maximum temperature,
mean and maximum rainfall and humidity would be better. Multiple locations would
allow soil type and quality to be included as variables. Tracking the progress of the
crops at the difference stages could also be carried out in a more extensive study
To recap the results of this study show a negative relationship between humidity and
the yield of wheat and barley and a positive relationship between the yield of wheat
and maximum rainfall. The relationship in this study was between humidity and yield
other study tended to find a negative relationship between temperature and yield and
precipitation and yield while this study no relationship between temperature and yield.
Ideally a larger study could be carried out to see if the relationships described in
literature could be replicated here.
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Appendix A
Normal Q-Q Plot of max temp

Normal Q-Q Plot of min temp

Normal Q-Q Plot of mean temp
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Normal Q-Q Plot of total rainfall mean

Normal Q-Q Plot of total rainfall max

Normal Q-Q Plot of solar rad

^0

Normal Q-Q Plot of humidity

Observed Value

Normal Q-Q Plot of 30cm temp

Normal Q-Q Plot of Yield at 16% moisture
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Appendix B
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Appendix C
Normal Q-Q Plot of max temp

Normal Q-Q Plot of min temp

Normal Q-Q Plot of mean temp
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Normal Q-Q Plot of total rainfall mean

Normal Q-Q Plot of total rainfall max

Normal 0-0 Plot of solar rad
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Normal Q-Q Plot of humidity

Obsarvcd Value

Normal Q-Q Plot of 30cm temp

Normal Q-Q Plot of Yield at 16% moisture
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Appendix D
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